Abstract. The evaluation of the temperature and humidity in the different sites of the Medical Research Institute (MRI) revealed that, allover the year, the temperature ranged between 19 and 28 degrees Centigrade, while the humidity ranged between 67% and 90%. Ideally, temperature should be adjusted between 22 and 26°C, and relative humidity should be kept at 30% to 60%. The adequacy of ventilation depended on the location of the hospital unit. The cost-free wards, the kitchen, the laundry, the chemotherapy unit, and the surgery D ward had poor ventilation. Some of the hospital departments depended on air conditioning systems and others made use of natural ventilation. The light adequacy in the different departments and units depended on their site as regards exposure to the sunlight. Examples for units with poor natural lighting were the cost-free wards, the kitchen, the chemotherapy unit, and the bacteriological laboratory. Most of the units had to use artificial lighting during the daytime apart from the natural light to ensure adequate illumination. The assessment of cleanliness revealed that the areas that had the priority for good cleaning practices had the highest score for cleanliness. The patients in the operating theatre, cardiac care units and renal dialysis unit are more susceptible to infection than those in general wards. Cleaning was therefore of particular importance in these areas. Despite the use of vector control measures on both the hospital and unit levels, vectors were present in the hospital, e.g. mice, cockroaches, and houseflies. This may be due to the irregular use of pesticides and rat control measure. The quality of the laundry services was found inadequate and did not fulfill many of the laundry requirements. Color coding was not used in linen B.A. Easa, et al.
Introduction
Few studies have been conducted to assess the sanitation of hospitals. A full environmental sanitation for the Medical Research Institute (MRI) has never been studied; so, this study was conducted to evaluate the environmental sanitation of the MRI. The MRI is one of four main branches into which the Institute is divided. These four branches are: the scientific departments, the hospital, the blood bank, and the administration. Other auxiliary services include a kitchen and a laundry department cooperating with the hospital in serving the patients. All these branches and departments were included in this study.
Although, the trend in ventilation of hospitals shifted from the natural to the mechanical, with air conditioning as a desired goal, natural ventilation and illumination are still required for both psychological and financial reasons (Mitwally and El-Sharkawy, 1995) . One of the most significant problems in contemporary buildings -including hospitals -is "sick building syndrome", which is caused by sealed buildings and a total dependence on mechanical systems for heating, ventilation, and air conditioning, where windows cannot be opened (Malkin, 1992) .
In a hospital, heating and ventilation are very complex issues that require careful consideration. A delicate balance must be maintained between relative humidity and temperature in order to avoid problems of condensation or static electricity (WHO, 1997) .
In patient areas, the temperature should be adjusted between 22 and 26 °C and the relative humidity should be kept between 30 and 60% to prevent risks of static electricity (Emmerson, 2001) . Temperature and humidity are namely known to affect wound healing. Also, special consideration should be given to the elimination of drafts by making sure that doors and windows are closed tightly, and by the use of Thermopane insulating glass (WHO, 1997) .
The environment significantly influences the multiple factors in the chain of infection, that's mainly why the Occupational Safety and Health Administration (OSHA) requires that patient care areas, laboratories, and other spaces be kept clean and in good sanitary conditions. Hence, these areas should be cleaned daily, periodically, or as needed. The purpose of cleaning is to remove dust, which may contain bacteria resistant to disinfection (e.g. Clostridum difficile, Staplylococcus aureus), and to keep equipments and surfaces dry. A surface that is clean and dry will not support the growth of most bacteria (Schull, 1998) .
Cleaning schedules and methods vary according to the area of the hospital, type of surface to be cleaned, and the amount of dust present. Disinfectant detergent formulation should be used for environmental surface cleaning, but the actual physical removal of microorganisms by scrubbing is probably as important (Castle and Ajemian, 1987) .
Infection spread by the vector route has an animal or insect as intermediate host between two persons (Castle and Ajemian, 1987) . Vectors such as rats, flies, and cockroaches, who feed or breed on organic waste, are well known passive carriers of microbial pathogens. Their populations may increase dramatically where there is mismanagement of waste (Prüss, et al., 1999) .
Although soiled linen has been shown to be a source of large number of pathogenic microorganisms, the risk of actual disease transmission is negligible. It was found that effective laundering destroyed all known pathogenic organisms (Damani, 1997 and Cottenden, et al, 1999) .
Smaller healthcare facilities with in-house laundries and some large institutions may elect to combine the environmental services and laundry department. Management should ensure that all staff and laundry contractors responsible for handling or laundering linen are appropriately trained (Damani, 1997) .
This work aimed at studying the existing environmental sanitary conditions of the Medical Research Institute Hospital and to evaluate the adequacy of the sanitary services available. The present study was carried out through a descriptive cross-sectional approach.
Materials and Methods
Temperature and humidity in all hospital departments were measured using a thermometer and a hygrometer respectively at about 11.00 am 3 times per week in the middle of each season. To assess the adequacy of ventilation subjectively, 3 items were considered and included in the observation sheet. These items are: presence of open windows of suitable size to allow natural ventilation, or else a working air-conditioning system (with adequate filters) that is kept clean, presence of appropriate spaces between beds (at least 1 m) in multi-bed patient wards, and absence of bad odor (Environmental Protection Agency, 2003) .
A scoring system for adequacy of ventilation was developed based on the former items as follows: presence of all 3 items was judged "good", absence of one or two items was considered "fair", and absence of all three items was deemed "poor".
To assess the adequacy of lighting subjectively, 4 items were observed at noon in the different units (Forster, 2004) . They included the presence of windows of suitable size to allow enough natural light, freedom from glare, freedom from shadows, and extreme contrasts, absence of visual strain during reading. A scoring system for adequacy of lighting was developed based on the former items as follows: presence of all 4 items was judged "good", absence of one or two items was considered "fair", and absence of three or all four items was deemed "poor".
Level of cleanliness was assessed subjectively through observation of several items, including (NHS Estates, 2004) : for patients' rooms: Floors, walls, ceilings, windows, waste-baskets, bedside tables, bed linen, and air freshness. For corridors: Floors, walls, ceilings, windows, and air freshness. For bathrooms: Floors, toilets, lavatories, showers, and air freshness. To assess the different cleaning practices, cleaning staff was interviewed about frequency of cleaning and cleaning agents used in different units of the MRI. For each place or object, three items were taken in consideration, e.g. the floor was considered good if there was no dust, no solid waste, and no sputum; and considered fair if it was polluted with any of the above; and poor if it was polluted with 2 or 3 of the above. The score for cleanliness was calculated through taking into consideration all single items describing the cleanliness of each of the places or objects in the patients' rooms, the corridors or the bathrooms. For example, a patients' room had a score of 100% if all three items describing the cleanliness of floors, walls, ceilings, windows, bedside table, waste-basket, bed linen and air freshness (amounting to 24 items) were present and good. Vector control measures and their effectiveness were assessed through interviewing. Hospital staff (nurses and workers) were asked about many items including the following (Franceys, et al., 1992 and Mathews, 1997) : Vector control measures, at which level the vector control measures were done, who was responsible for vector control, what forms of vector control were used, whether chemical, biological or physical, and if chemical, whether aerosol or dusting, frequency of application of vector control measures, and the most common types of vectors.
Laundry services were assessed through interviewing with hospital staff. Nurses and workers were asked about many items of laundry services (Damani, 1997 , Ayliffe, et al., 1992 , and Centers for Disease Control and Prevention, 2003 .
This study was carried out along one year starting from autumn 2002 to summer 2003, where October, January, April, and July represented the middle months of the four seasons. The collected data were reviewed for accuracy and completeness, and appropriate statistical procedures were then applied (Mason, et al., 2003 and Sparks, 2000) . Table 1 shows the average seasonal means of temperature and relative humidity in different units of MRI. Regarding the hospital temperature, it was found that in autumn and spring the temperature in different hospital units ranged from 25 to 28°C, in winter from 19 to 23°C, and in summer the temperature ranged from 26 to 28°C. With respect to relative humidity in the MRI, in autumn, it ranged from 67% to 82%, in winter from 77% to 90%, in spring from 67% to 84% and in summer from 72% to 81%. It was found that air conditioning was used in some hospital units, like the large operation room, dialysis unit, and first class room of the coronary care unit. These units depended totally on the air conditioning system because of its important role in ventilating these units as no windows were opened.
Results and Discussion
In operating rooms the temperature and humidity of the incoming air should be automatically controlled, both for comfort of the patient and staff, and to minimize anesthetic explosion risk. Also, in the dialysis unit air conditioning system plays an important role, as adjusted temperature is required in this unit for the working dialysis machines. The temperature of the machines becomes elevated during dialysis session and during machine disinfection, and the air conditioning system help to reduce the machines temperature. In addition, adjusted temperature is very important for the kidney dialysis patient, as he stays in hemodialysis for four or five hours and he must feel comfortable during his long session (Mitwally and El-Sharkawy, 1995 , Health Department of Western Australia, 1998 , and Haglund, et al., 1996 .
The temperature of the operation room, which depended on air conditioning all the year round, ranged from 23-27°C and the humidity ranged from 76-83% during the four seasons. Ideally the theatre temperature should be about 25°C and relative humidity about 65% (Mitwally and El-Sharkawy, 1995) . The deviation of the temperature and relative humidity from the desired average may be explained by the low efficiency of the operation room air conditioning system or the lack of specific maintenance.
Normally the body temperature adjusts rapidly to the temperature in the air. If humidity is high and air temperature is low, people become more susceptible to hypothermia, arthritis, and bronchitis. A combination of high temperature and high humidity encourages the spread of bacteria (Hosny, et al., 1992) .
Humidity in hospitals can influence a multiplicity of factors: It can affect the persistence of an agent at its source, its transmission through the air, and the effectiveness of host's mucous membranes in resisting infection. In addition, the agent's survival is influenced by the temperature, humidity, pH, and the radiation at its reservoir or source (Brachman, 1998 , Jackson and Lynch, 1998 and Weinstein, et al., 1998 .
Air quality, temperature control, and air movement directly affect infection control, comfort, and safety in critical care units and consequently affect the patient care (Strawser and Grengory, 1993) . Table 2 shows adequacy of natural ventilation in different units of MRI. It was found that most of institute units were fair in their natural ventilation, especially the labs. The new ward (medical and surgical sections), surgery A, and the coronary unit's first and second classes were good in their natural ventilation as they had all the desirable criteria, like presence of suitable windows, one meter between beds, and no bad odor (Environmental Protection Agency, 2003) . On the other hand, surgery D, the free class of the coronary unit, the kitchen and the laundry had poor natural ventilation. This may be due to their internal locations compared to the other hospital units and due to the small windows in these units. Also, the kitchen and laundry are present on the underground level of the hospital. The rest of the hospital units had air conditioning, like the dialysis unit, the theatres, and the recovery room.
Many respiratory pathogens can adapt to the comfortable indoor environment and are able to move around the building through airflow movement, whether natural (due to temperature gradients or pressure differences) or mechanical (forced airflow through ductwork) (Mills, 2004) .
Hospitals that depend for their ventilation on throwing open windows and doors have usually less frequent outbreaks than those with full air conditioning. The full dependence on wholly artificial means of air control can impose intolerable difficulties when sophisticated systems break down and prompt efficient maintenance cannot be relied upon. On the other hand, a naturally ventilated hospital will be affected by the climate. In tropical countries, the warm humid climate would dominate most of the year (Cox and Groves, 1994) . Table 3 that the free class of coronary care unit (CCU), chemotherapy unit, bacteriology lab, radiation sciences lab, kitchen, and laundry were considered poor in their light adequacy. These places did not have enough windows, and even if present they were always kept shut. The chemotherapy unit, kitchen, and laundry were present on the same floor (underground) and were poorly lighted with natural light, so artificial illumination was required in these units.
Hospital lighting is not just a matter of ensuring that all staff working in the various hospital components enjoy "optimum seeing" conditions, but also important for the associations of light to mood, and the need for individuals to be able to control lighting levels for different activities (Hosking and Haggard, 1999, and Walder, et al., 2000) .
Numerous studies have shown the significance of full-spectrum light in a hospital more than elsewhere, whether the light was natural sunlight or from an electrical source (Malkin, 1992 and Iwata, et al., 1997) . Extending the natural working day is possible by electric lighting, but for hospitals the use of artificial lighting occurs to a much greater extent than in normal commercial and industrial premises. The first objective is the provision of adequate illumination. Attempts to save energy by underlighting are a false economy, as without sufficient light errors and mistakes increase and visual fatigue reduces the rate of work (Forster, 2004) .
Most hospital designs utilize daylight with the use of large windows and skylights, clerestory windows, and so on. The effects of daylight on emotional well-being seem to be well enough documented to make it worth while installing full-spectrum "daylight" in a number of patient areas (Forster, 2004 and Iwata, et al., 1997) . Table 4 presents cleanliness levels in different units of MRI. The findings of the present study revealed that the operating theatre, recovery room, new ward, coronary, and endoscopy units were generally good in their level of cleanliness, as their scores were (92%-100%). At the same time, surgery A, surgery G, male medicine, and dialysis units were generally good, but with less scores (71%-88%). On the other hand, surgery D and female medicine were generally fair with scores 58% and 63%, respectively, and the hospital as a whole is good in its level of cleanliness with a score of 84% of good.
It was found that the patients' bathrooms in the new ward, dialysis and CCU were generally good with score 100%. At the same time, surgery A and surgery G were generally good with scores 83% and 67%, respectively. On the other hand, surgery D, female medicine, and male medicine were generally fair with score 58% of good. The hospital as a whole was good regarding the bathrooms' level of cleanliness with score 78% of good.
As regards vector control measures in different units of MRI, there were employees from the Faculty of Agriculture responsible for the control of cockroaches, using the liquid method. On the other hand, in the different units, the methods used were using aerosols for houseflies and dusting for cockroaches. Added to this, natural control methods through screening and the use of attraction to light phenomena were used.
Regarding the frequency of using the vector control methods, it was found that the hospital as a whole was sprayed with liquid insecticides routinely every 6-12 months. In the different units and wards methods for control of insects were usually applied when needed. For the operation room, for example, using aerosols for houseflies was applied every other day. Rodents were present only in the blood diseases lab and were controlled by using rodenticides.
Hospitals throughout the world provide an ideal site for cockroaches. The construction of hospital building and their interior design are often the main reasons for the ease with which cockroaches' infestation is established and for the difficulties encountered in their control. The hollow supports of benching and trolleys provide ideal shelters with little access for cleaning or treatment. Trolleys provide an excellent method for disseminating cockroaches throughout the hospital (Saad and Shehata, 1994 and Interdepartmental Working Group on polychlorinated dibenzo-para-dioxins and polychlorinated dibenzo-furans, 1989). The presence of cockroaches in hospital environment can play a principal role in the spread of infection. Cockroaches spread from a focus of infestation which is usually a storage area, a receiving, or a preparatory area serving the kitchen (Clayton and Clayton, 1982) . Table 5 shows the laundry services in MRI. The observation revealed that the laundry was located in a separate building away from the other hospital departments at the underground level of the hospital. Personnel responsible for transporting and washing soiled linen were well trained. So, a strict separation was done between soiled and cleaned linen, and the recommended temperature was used in the laundry process. The storing area for clean linen was cleaned regularly and kept dry. On the other hand, color coding was not used in linen containers' identification. In addition, there was no separation between heavily soiled and other used linen in transportation, and there was no special care for infected linen. There was also no room in the hospital for isolation, so there was no linen from isolated patients. As Table 5 reveals, there was also complete dependence on natural drying, as the dryer was not working. Ironing was not available, except for the linen of the new ward and for some uniforms of the hospital staff (doctors and nurses). No laundry chutes were present; and there was no bacterial evaluation for the laundry to assess its microbial content before and after washing and determining the efficiency of the laundry services.
Recommendations
• Mechanical ventilation or air conditioning should be considered for patients' areas, where the possibility of giving or receiving airborne pathogens exists. These systems allow the rooms to be pressurized in a way that controls the movement of air from 'clean' areas outward in a cascading pressure regime towards the less critical areas and, ultimately, the 'unclean' areas.
• The cleaning of walls and ceilings should be carried out sufficiently to prevent accumulation of visible dirt, but intervals between cleaning should not usually exceed 12 months in patient treatment areas or six months in operating theatre.
• In order to help with vector control, hospital staff should keep food covered and remove spillage and waste. Drains should be covered; leaking pipe work repaired; and damaged surfaces made good. Windows and doors should be close-fit, and fly screens should be provided in order to exclude pests from hospital buildings. Sticky detectors or traps should be used for controlling of cockroaches and other crawling pests.
• Special color-coded bags should be used for collecting soiled linen. Complete dryness and ironing should be carried out in the laundry processes.
• Laundry chutes should be used, to ensure minimal handling of contaminated linen and to prevent contamination of air, surfaces, and persons. Chutes should be properly designed, maintained, and used in a manner to minimize dispersion of aerosols from contaminated laundry. 
